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INTRODUCTION
The problem of shore erosion along the Great Lakes
•coastlines has recently received much attention among
scientists, various government agencies, and is foremost
in the minds of local property owners.

Coastal erosion

and associated high lake-levels is not new in the history
of the Great Lakes.

A historical review of lake levels

shows that extreme fluctuations have occurred during the
time that lake measurements have been recorded (i860 to
present).

The problem of erosion was not fully realized

until the rapid development of industry, recreation, and
home construction began along the shorelines within the
last two decades.
The eastern coast of Lake Michigan has been subject
to recent erosion.

This area was chosen for this study

to obtain data to understand better the processes and
responses that cause erosion during high lake-level con
ditions.
Location of Study Area
Data were collected at seventeen locations along
approximately 200 miles of eastern Lake Michigan coast
line from Point Betsie, Michigan, to Lakeside, Michigan
(Figure l).

1
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Figure 1.

Index map of study area and profile sites
along eastern Lake Michigan.
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Objectives
The author's participation in this study, August,
1971* to July, 1972, is part of an extended program of
evaluating erosion during a high lake-level period.
The long range goal of this program is two-fold:

1) the

accumulation of data through systematic profiling may
enable prediction of changes in beach geometry during
similar future lake fluctuations, and 2) to provide data
for establishment of land-use plans and zoning ordinances
for coastal areas.
Under the present study, three main objectives were
established:

1) profile seventeen sites every four weeks

for a period of one year to determine which areas are
eroding and/or accreting, 2) collect sediment across the
beach and analyze for textural parameters to determine any
grain size-beach slope relationships, and 3) evaluate
various meteorological data to determine if relationships
exist with coastal erosion.
Previous Investigations
One of the earliest references to the problem of
erosion on the Great Lakes was made by Lane (1905)*
The records of the early reports were generally nor quant
ified and when statistics were offered they were unable
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to be documented (Seibel, 1972; p. 12).
Within the last two decades, the combined efforts of
several federal and state agencies, and the work of many
individuals have produced a more reliable record of erosion
along the Great Lakes.

Since 19^6, the Geological Survey

of the Michigan Department of Conservation and the Michi
gan Water Resources Commission have been active in the
study of erosion.
During the high lake-levels of the late 19^0's and
early 1950's, Brater (1950) and Brater, Billings, and
Granger (1952) discussed beach erosion in Michigan and
low-cost shore protection.

Powers (1958) measured over

one-hundred locations along Lake Michigan and established
rates of erosion for these locations.

Seibel (personal

communication) worked in conjunction with the Detroit
District Corps of Engineers on the severity of erosion
in the proximity of harbor structures along the Lake
Michigan-Huron basin.

Brater and Seibel (1971) estab

lished rates of erosion for six sites along Lakes Michi
gan and Huron.

Seibel (1972) used five of the six sites

and established erosion rates for time periods covered by
aerial photography.
In 1970, the Coastal Engineering Research Center
of the U. S. Army Corps of Engineers began sponsoring
a program for the systematic profiling of seventeen
locations along the east coast of Lake Michigan (Davis,
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1971a; Davis and Fingleton, 1972; and Davis, 1972).
present study is part of this program and was funded
under contract DACW 72-70-C-0037•
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The

CHARACTER OF LAKE MICHIGAN
Hough (1958) presents a good discussion on the
character of the Great Lakes and it is from this work
that much of the following is summarized.
Geology
Lake Michigan occupies the western portion of the
Michigan structural basin.

The lake lies entirely with

in the Paleozoic rock province and Paleozoic strata form
the major topographic features.

The Lake Michigan basin

was formed through glacial scouring of a pre-glacial
drainage system.

The basin generally trends north-south.

Bedrock exposures are not common, because most of the
region is veneered with glacial drift.

The present con

figuration of the shoreline and supply of coastal sediments
are the result of reworking and modification of glacial
deposits; thus bedrock geology plays only an indirect role
and is not considered in this study.
Physiography
The eastern shoreline of Lake Michigan is fairly
smooth and curves gently from an east-west orientation
at the southern end of the lake to a north-south direction
at the northern end.

The general outline is broken by

6
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the westward bulges of Little Sable and Big Sable Points,
and Point Betsie.
Sediments
Coastal sediment types
The source of coastal sediments is the glacial
deposits that cover the underlying bedrock within the
drainage basin of Lake Michigan.

The immediate source

of these materials is the zone of wave and current inter
action with glacial deposits bordering and underlying
Lake Michigan.

During the Pleistocene low lake-level

stages, streams and rivers were incised in response to
the lowered base-level of Lake Michigan.

At this time

fluviatile processes contributed sediments to the coastal
environment.

With the return of higher lake-levels, the

river mouths were drowned forming estuaries (Hough, 1958).
Presently, estuaries act as good sediment traps, thus
little sediment is being introduced to the coast by way
of streams and rivers except for very fine material in
suspension.
The coastal materials are classified into glacial
till and outwash, lacustrine deposits, and dune deposits
(Figure 2).

Glacial till deposits are found in the form

of steeply sloping bluffs along the beach.

According to

Hands (1970), these bluffs can be found at the inter-
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Figure 2. Coastal sediment types "bordering eastern
Lake Michigan. (Modified from Hulsey,
1962t p. 8.)
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section of moraines with the shoreline.

The present extent

of till exposures is not great, but they are the major re
cent source of new sediments to the beach and lake.
When found alone, lacustrine deposits form banks of uncon
solidated sand which rise up to 30 feet above lake-level.
The most extensive of the sediment types are dunal complexes.
These deposits are generally formed in an area with an
abundant supply of sand and prevailing onshore winds.
The dunal complex often consists of a line of foredunes
(less than 30 feet high) and an inland tract of dunes which
may rise 250 feet feet above lake-level.

Aeolian deposits

may blanket glacial till and lacustrine sediments.
Beach materials
Beach sediments generally reflect the textures and
compositions of local source areas.

Medium sand pre

dominates in beach sediments; although local sources
(till exposures) may contribute coarser materials.

A

very thin veneer of clay over sand has occasionally been
observed at these sites.

This condition is caused by

surface runoff and seepage from the till exposures.
It is a temporary condition which is destroyed by wave
activity and is not considered important as a beach
sediment.

Concentrations of heavy minerals were often

observed in the form of lag deposits from the erosion
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10
and removal of lighter beach and terrace sands.

The

thickness of these deposits ranged from less than one
millimeter to several centimeters.
Sand sized material is dominately quartz (80-85%)
with up to 12-15 percent feldspar.

Heavy minerals are

found in varying amounts but commonly only 2-3 percent
are present (Hulsey, 1962).
Meteorology
Prevailing weather systems cross Lake Michigan in
a generally west to east direction thus moving onshore
at the study area.

Wind directions are bimodal with

prevailing winds from the southwest and strong pre
dominating winds coming from the northwest.

As a low

pressure system approaches the Lake Michigan area,
cyclonic winds come from the southwest.

As the low

pressure system passes, the wind intensity increases and
the wind begins to blow from the northwest.

The north

westerly winds are generally more intense .and because of
a long open-water fetch at the southern end of the lake
they generate larger waves.
Storms most frequently occur during late fall and
spring.

The fall storms are generally of longer duration

and greater intensity than the spring storms which are
associated with thunderstorms.

Shore-ice protects the

beach from the effect of severe winter storms.
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METHODOLOGY
Field Procedure
At the outset of this program in 1970, a recon
naissance of the eastern Lake Michigan shoreline was
made for the selection of profile sites.

Seventeen

subequally spaced locations were established from Point
Betsie, Michigan, to Lakeside, Michigan (Figure l).
The selection of these sites was based on year-round
accessibility and inclusion of the various coastal
morphologic and compositional types in the study.
A permanent three- to four-foot metal stake was
placed in an inconspicous location on the bluff or
foredune terrace at each site.

The exact location of

the permanent stake was noted by use of a transit and
sighting of the stake on other permanent features near
the location.

This would facilitate the relocation of

the profile site if the permanent stake was removed.
Each of the seventeen sites was visited once every
four weeks during the study period.

The procedure for

the collection of data at each site was the same.

The

beach was profiled from the permanent stake lakeward
just beyond the plunge step.

On occasion the profile

was extended further to include an ephemeral sand bar
when such a feature was present.

The profiling method

11
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used was that described by Emery (i960) which entails
the use of two five-foot rods and the horizon.

Each

rod was ruled at one-tenth of a foot intervals.
Horizontal measurements were made at a maximum of fivefoot intervals.

Lesser intervals were used to detect

abrupt or small changes in topography and/or sediment
changes across the beach.

In the case that the horizon

was not visible a hand-level was used as the leveling
instrument.
As the profiles were being measured, notes were taken
on the amount of vegetation cover, heavy mineral con
centrations, debris on the beach, various beach features
(beach pits, ripples, swash marks, etc.), sediment size
changes, and water depth at the end of the profile.
Beach sediments were collected along each profile.
Generally, two samples were collected; one from the backshore zone which was not being immediately affected by
waves, and the other was collected in the foreshore zone
or swash zone.

Less than two samples were taken when

the beach material in the swash zone was coarse gravel
or cobbles, or when waves were directly attacking the base
of the bluff or sand terrace and no backshore zone could
be distinguished.

On several visits to Location 6 (Little

Sable Point) three samples were collected because of the
very wide backshore zone.

Sediments were collected with

a metal scoop and placed in pre-labeled plastic bags.
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Caution was used to sample a single sedimentological unit;
only the top 2-3 millimeters of sediment were collected.
Visual observations of sky cover, wind direction,
wind speed, wave height, direction of wave approach, type
of breaking wave (spilling, plunging, collapsing, or surg
ing) , and wave period were made and recorded.

The direct

ion of wave approach was determined by reference to a wave
direction code form supplied by the Coastal Engineering
Research Center (CERC).

Wave types were also determined

by reference to a chart of breaker types supplied by the
above agency.

Wave periods were measured as the time

taken for eleven consecutive waves to pass a fixed object.
Wave observation reports were recorded on a standardized
IBM form and forwarded to CERC.
Two pictures were taken during each visit to the
profile sites.

One black and white picture was taken

with a Polaroid camera and a Kodachrome color picture
taken with a 35mm camera.

These pictures were then used

for reference to the condition of each site during each
visit.
During the study period, the initial permanent stake
had to be moved back at seven locations (1,^,7,10,13,15*
and 17) to avoid their loss due to erosion of the bluff
or terrace.
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Laboratory Procedure
At the end of the study period the sediment samples
were opened and oven dried for approximately $6 hours
at 110°F.

Aggregation was minor and complete disag

gregation was accomplished through minor jostling during
handling and splitting.

Dried samples were sieved to

remove the greater than 2mm fraction.

The gravel fraction

was weighed and seived at one-half phi intervals for 10
minutes on a Tyler RO-TAP.

The gravel portion caught on

each sieve was weighed to 0 .0 0 1 gram on an analytical
balance.

Individual weight percentages were computed for

the bulk gravel fraction.

The sand samples were split

down into two if—8 gram samples using an Otto micro
splitter.
The sand samples were all analyzed for graphic mean
grain size, sorting (standard deviation), and skewness
(Folk, 1968) with a Benthos Model 3^10 Rapid Sediment
Analyzer (RSA).

For the details on the theory, operation,

and development of the RSA the reader is referred to
Ziegler and others (i96 0 ) and Schlee (19 6 6 ).
The output from the RSA is a curve in the form of
a cumulative percentage curve with the percentiles dis
placed linearly on the Y axis and the sediment particle
diameter in phi units curvi-linearly displaced on the X
axis (LoPiccolo, 1972; p. 19).
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Because of differing weights of samples introduced
into the RSA, the output curves of the unit are of cor
respondingly different heights on the Y axis.

A Gerber

variable scale was used to determine the position of the
l6th, 50 th, and 8^th percentiles on the individual curves.
A transparent scale of phi sizes was overlain on the X
axis and the phi values corresponding to the selected
percentiles read directly.

This information was punched

on IBM cards and a computer program using Inman’s (1952)
formulas computed approximations on sample mean grain size,
sorting, and skewness (Kerhin, 1971).

The gravel fractions

made up only a small percentage of all the samples so
they were not included in the computations of sediment
size parameters.
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Time Interval Designations
All site observations and related data were taken
at four-week intervals, thus the beginning and end of
these intervals do not conveniently conform to the
calendar months.

For ease and clarity in any subse

quent discussion and reference to these intervals, the
following monthly designations are applied:
July 1 - August 3, 1971 ................. August(8)
August 4 - August 28, 1971 .............. August(8)
August 29 - September 26, 1971 .......... September(9)
September 27 - October 24, 1971 ......... October(10)
October 25 - November 20, 1971 .......... November(11)
November 21 - December 21, 1971 .......... December(12)
December 22, 1971 - January 1 6 , 1972
January(l)
January 17 - February 13, 1972 ......... . February(2)
February 1^ - March 12, 1972 ............ March(3)
March 13 - April 8, 1972 ..... ........... April(4)
April 9 - May 7» 1972 ................... May(5)
May 8 - June 6, 1972 .................... June(6)
June 7 - July 1, 1972 ................... July(7).
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BEACH AND NEARSHORE PROCESSES
The dynamic nature of any shoreline change is the
result of the complex interaction of processes operating
on the beach and nearshore zones.

A knowledge of these

processes is prerequisite to the study of erosion along
eastern Lake Michigan.

Most of the texts written on

coastal processes apply to a marine coastal environment.
Davis and Fox (1972a) discussed many similarities be
tween environmental variables, beach and nearshore topog
raphy, and responses on eastern Lake Michigan and the
marine coastal environment on Mustang Island, Texas.
Both represent coasts that are not greatly affected by
large tidal fluctuations.
Generally, atmospheric pressure initiates the con
ditions which in turn determine the processes that will
be operating on the lake (Figure 3)»

Particular attention

will be paid to the effect of waves, longshore currents,
and influence of fluctuating lake levels on the nearshore
and beach zones.
The nearshore zone extends lakeward from the plunge
step and includes the bar and trough topography (Figure k).
According to Davis and McGeary (1965)• the offshore bars
in southeastern Lake Michigan are continuous for many miles
and the profiles are fairly constant with only minor

17
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variations following storms.

Similar relationships were

observed over the entire study area as indicated from
overflights of the area and offshore bathymetry records.
The beach zone is the area between the plunge step
and wave-cut dunes or bluffs.

As mentioned previously,

the beach zone is divided into a backshore zone and fore
shore zone.

The backshore zone is the upper extent of

the beach zone which remains dry under normal wave activity.
The foreshore zone is the area between the plunge step and
furthest wave run-up under any given energy conditions.
The ratio of the foreshore width to the backshore width is
dependent on energy conditions.

Under high energy conditions

the foreshore width greatly exceeds the backshore width.
On several visits to many of the profile sites the fore
shore zone extended over the entire width of the beach.
It is under such conditions that erosion of the bluff or
sand terrace occurs.
Wind plays both a direct and indirect role in sedimen
tation along eastern Lake Michigan.

Onshore winds blow

the finer sediments landward into dunes and strong offshore
winds may remove material from the beach and deposit it
in the lake.

Its real significance is found in the gen

eration of waves where wind is the causative agent.

Wave

formation depends on the transfer of energy from the wind
to the water.

Several theories have been purposed but

no single theory is entirely acceptable as to the exact
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mechanism of energy transfer.

For a discussion of these

theories see King (1972) and Zenkovich (1 9 6 7 ).
The wave energy spent on the beach is critical in
explaining the removal* transportation, and deposition of
eroded sediments.

Wave energy input at any location

depends on the prevalence of strong onshore winds, on the
open-water fetch, on the offshore topography, and on the
amount of natural and artifical protection present (Brater
and Seibel, 1971; p. 9).
Sverdrup and Munk (19^7), Pierson, Neumann, and James
(1955)* and Darbyshire (1952) have attempted wave height
forecasting in deep water from meteorological data.

King

(1 9 7 2 ) points out that one of the methods may give better
results in one area, while another may be more applicable
for another place.

It is likely that in many areas, local

conditions will have to be taken into account.

The

highest deep-water waves recorded for the Great Lakes during
1971 were 21 feet on Lake Michigan (Schwerdt, 1972; p. 151).
These wave heights are considered as instantaneous heights
and probably not characteristic of the overall lake for the
given storm conditions.

If a wave of this magnitude ap

proaches a shoreline, the wave begins to "feel" bottom and
most of its characteristics are modified.

The wave speed

is decreased, the length is shortened, and the wave height
is greatly increased until the wave breaks.

Generally, a

wave will break in water which is four-thirds its own
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height (King, 1965} p. 207).

The presence of offshore

bars may greatly deplete the energy of an oncoming wave.
As a wave moves over a bar much of the energy is lost on
breaking and reforming before the wave ever gets to the
beach.
The beach acts as an effective barrier to wave
attack directly on the bluff or terrace.

Under given

conditions of small waves and a wide beach, the wave energy
is consumed in the swash on the foreshore.

Beach widths

in the study area were generally small during the study
period; less than fifty feet.

The near record high lake-

levels are partially responsible for this.

During storm

conditions two-foot high waves were observed to be break
ing at the plunge step, resulting in the up-rush of water
across the entire beach.

The swash was terminated only

at the base of the terrace.
As evidenced by the lag concentrations of heavy min
erals, lighter sediments are eroded from the sand terrace
and beach, and are moved lakeward in the backwash.

With

the displacement and lakeward movement of beach material,
longshore currents play an important role in the drift of
these sediments away from their source.

Longshore currents

are the result of a non-normal wave approach towards the
beach.

The current is largely confined within the surf or

breaker zone (Shepard, 1 9 6 3 )•

From model experiments on

longshore transport of sand, it was shown that with steep
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waves most of the material that moved in the breaker zone
was half in suspension and half in bed load; with flat
waves the amount of material moving as bed load increased
to 80 percent, all bed-load movement being within the swash
zone (King, 1972).
Fox and Davis (1971)» in a study of southeastern Lake
Michigan, report that longshore current velocity is
influenced by breaker angle, breaker height, wave period,
and barometric pressure.
rents are dependent

The direction of longshore cur

on the direction of approach of low

pressure cells and their position over the lake.

During

the same study a maximum southerly longshore current
velocity was recorded at 3 .7 3 feet per second and a maximum
northerly velocity of

feet per second.

Hands (1970)

concluded that a southerly net longshore transport of sed
iment exists along eastern Lake Michigan, although there
are numerous local changes in direction.
The normal movement of littoral materials is often
interrupted by both man-made and natural features.

Man-

made structures that often inhibit the transport of material
are navigational channels, breakwaters, piers, and jetties.
The natural obstructions to transport include topographic
channels, natural protuberances, and rip currents.

Littoral

material may be funneled farther lakeward by way of rip
currents that cut through nearshore bars during storms
(Fox and Davis, 1971; Davis and Fox, 1972b).

The effect of
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both obstruction types is essentially the same.

The lake

sediments that might normally have been used to replenish
a beach down-drift from its removal site are now tempor
arily or permanently eliminated from the system.

Seibel

(1972 ) reported on the influence of man-made structures
at two locations along eastern Lake Michigan.

In the

study area attempts were made to avoid as much as pos
sible any of the man-made structures that might in
fluence the normal sedimentation process.

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

LAKE LEVELS
One of the major factors in the initiation of this
study program along eastern Lake Michigan is the high lakelevel period that now exists in all the Great Lakes.

The

high rate of shoreline change is partly attributed to the
high lake-levels (Brater, 1952; Brater and Seibel, 1971;
and Powers, 19 6 2 ).

The affect of high lake-levels on

shoreline change is that the width of the backshore zone
is reduced allowing for waves to move farther landward.
The waves and associated swash are then able to directly
attack the bluff or dune base.

Dubois (1973) reports,

from a study along western Lake Michigan, that the inland
migration of the foreshore zone occurs with rising lakelevel from April through July.

The reverse process occurs

when lake level subsides from August through November.
Indeed, the general effect of a lower lake-level in the fall
and early winter is exceeded by the occurence of severe
storms during this time period.
Both natural and artificial factors affect lake level.
The natural factors, resulting in high lake-levels, include
unusually heavy precipitaion within the lak^s drainage
system and on the lake's surface.

This necessarily re

sults in greater runoff and inflow into the lake.

Lakes

Michigan and Huron are considered as a single hydrologic
unit, thus Lake Michigan may receive water from Lake Huron
25
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as well.

The artifical factors affecting lake levels

are diversions, channel improvements, locks, and dams,
although these structures appear to have a negligible
influence on lake levels of the upper lakes (Brater, 1952).
Therefore, the controlling factor in fluctuating lakelevels is the balance between precipitation and evapo
ration on the Great Lakes basin (Figure 5).
The lake level fluctuations appear not to be cyclical
(U. S. Lake Survey, 19?0).

Laidly (1962) stated that

long-range fluctuations are caused primarily by longperiod variations in the natural hydrologic system which
are not cyclic.
Besides the long-term fluctuations, lake levels change
on a short-term basis through an imbalance of the lake's
surface caused by:

1 ) the passage of an atmospheric

disturbance over a section of the lake (seiche); 2 ) a
sudden influx of a large quantity of water into the lake
from runoff; and 3 ) a piling up of water at one end or
side of the lake from a strong sustained wind from one
dominate direction (storm surge).

Even though these are

of a much shorter duration, the effect is the same— the
direct attack of waves at the base of the bluff or terrace.
Lake Michigan coastlines are generally considered as
a non-tidal environment, although lake level records show
that semi-diurnal tides do exist on Lake Michigan (Cummingham, 1970).

Tidal fluctuations are small, generally
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less than 2 inches, and are not considered to be a sig
nificant factor relating to coastal processes.
There is a more predictable and expected change in
seasonal lake levels.

The fluctuation between summer high

and winter low for Lake Michigan is approximately 1 foot.
The summer high is usually recorded in July or August and
the winter low in January or February.

This seasonal

fluctuation is the result of greater precipitation in
spring and summer while winter precipitation is less and
is temporarily tied up in the form of ice and snow.
During the last eight years, the level of Lake Mich
igan has ranged from the lowest ever recorded to a near
record high level (Figure 6).

The lowest level was 575*37

feet above sea-level recorded in 196 ^.

Since 196 ^, the

level of Lake Michigan has continued to rise each year.
The U. S. Lake Survey (1973) projects the lake level to
come within 0.17 feet of the 1952 century high record of
580.95 feet above sea-level.
As of March, 1973» the level of Lake Michigan (580.09
feet above sea-level) was 1.07 feet higher than March, 1972
(579*02 feet above sea-level).
Although high lake-levels are partially responsible
for erosion along Lake Michigan, the mean level of the lake
has dropped at a calculated rate of 0.28 feet per year
since i860 (Larsen, 1972; p. 1).

The present high level
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is viewed as a temporary positive deflection in the over
all decreasing lake-level trend.
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EVALUATION OF WIND DATA
Wind is the initiating force behind many of the near
shore processes, thus it is considered to be an important
factor in evaluating erosion.

The meteorological station

from which pertinent data were obtained is located at
Muskegon, Michigan, two miles inland from Lake Michigan.
This first order meteorological station is the only
source available for a continuous record of wind speed
and direction for the eastern Lake Michigan area.

It is

located approximately in the middle of the eastern Lake
Michigan study area.

The collection of data from one

standardized location was believed to be more reliable
than data collected from several sources employing various
collection methods.
Wind data covering the study period, August, 1971 to
July, 1972, were compiled in the form of a composite wind
rose (Figure 7).

Wind directions for this specific pe

riod were also compared to the four-year average covering
1966-1970 (Seibel, 1972).

Overall trends in wind direction

between the two periods compare favorably, except for a
2-3 percent difference found in the N and SSW sectors.
Both show a prevailing onshore wind direction, although
an easterly offshore wind is often present.

August, 1971,

December, 1971, and July, 1972, were the only months during

31
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Composite wind rose diagrams comparing study period
with 1966-1970 average. Each circle represents 2
percent,
(Modified from Seibel, 1972 j p. 4§.)
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the study period that an easterly wind direction did not
constitute at least 10 percent of the month’s total (Figure

8 ).
Seibel (1972) used the frequency of days when the wind
was equal to or greater than 15 miles per hour for a
twenty-four hour period (the definition of a storm-day)
in an analysis of erosion in Lakes Michigan and Huron.

It

was shown that storm winds from the NW, WNW, SW, and SSW
were the most dominate winds over Lake Michigan.

During

the present study, the dominate winds were from the S, SSW,
WSW, W, and WNW sectors (Table 1).

The months during which

storm days occurred most often were November, January,
March, and April.

Ice cover during January, February, and

March prohibits any wave attack on the beach from the winds
during these periods.
The three consecutive days of the highest wind speeds
for each time interval were used for the evaluation of wind
and its relationship to erosion.

The three consecutive

highest wind speeds were averaged and its resultant direc
tion computed (Table 2).

During two of the time intervals

(October and June), the resultant wind directions would pro
duce zero open-water fetch for all the sites; 15^ and ^
degrees, respectively.

Also for five other time intervals,

zero fetch would result at one or more locations according
to the method used in calculations.
The general relationship between rates of erosion,
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Table 1.

Number of 2k hour periods with wind velocity average £15 mph
for study period August, 1971» to July, 1972.

of the copyright owner.

DIRECTION
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8

9
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1

3

4
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1

1

N
NNE
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1
1
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1
1
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S
SSW

2

1

1

1

2

1

1

1

3

2

2

2

1

1

1

3
1

3

W

3
1

WNW

1
2
1

2

2

1
2

1
1
1

NW
NNW
TOTAL

1

.1

SW
WSW

2

1
3

1

1

1

11

5

1
11

6

9

7

5

0

2

VjJ
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Table 2.

Listing the highest average wind speed
and resultant wind azimuth for each
study interval.

MONTH

AVERAGE WIND
SPEED(mph)

RESULTANT WIND
AZIMUTH(degree

8

13-3

236

8

13.2

225

9
10

1^.3
13.2

180

11

19.2

12

18.0

253
254

1

18.8

230

2

237
223

5
6

20.3
17.7
1 9 .2
17.2
1 1 .1

7

13.8

3^7

3
k

15^

2 77

197
0^8
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average wind speeds, and the number of days during which
winds were >15 miles per hour were compared graphically
(Figure 9).

The greatest total amount of erosion for any

single time interval,

36

feet, occurred during December.

The average wind speed was one of the highest recorded,
18 mph, for the study period; and only five days of winds

>15 miles per hour were recorded.

Eight sites along the

study area experienced two or more feet of erosion for
this interval, the most recorded for any sampling period.
This suggests that the maximum amount of erosion over a
large area occurs when a single storm condition exists more
or less uniformly over the entire area and not only on the
number of storm days.
During the periods September, October, and November
total erosion amounts of 9 » 5 » and 10 feet respectively
were recorded.

The periods of September and October

experienced only one day of winds >15 miles per hour and
some of the lowest average wind speeds were computed for
the study period, 1 3 .2 mph and 1 ^ .3 mph respectively.
Whereas, November experienced eleven days of winds >15 mph
and had an average wind speed of 1 9 .2 mph, resulting in
only one additional foot of erosion over September.
sites at which erosion were measured, 1 ,
widely separated geographically.

The

and 1 0 , are

There seems to be little

direct relationship between increasing average wind speeds
and number of storm days resulting in greater rates of
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Graphic comparison of monthly erosion
amounts, average wind speeds, and
number of storm days for study period.
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erosion.

The erosion is explained as the result of local

ized storm conditions along the lake and, again, is not
entirely dependent on the total number of storm days.

This

localization factor became apparent during the study period
of June, when twenty feet of erosion occurred at Location ^
(Big Sable Point).

The single site accounts for all the

erosion measured along the lake for that period.

The aver

age wind speed was the lowest for any period (11.1 mph)
and zero days of winds >15 miles per hour were indicated
by the records.
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SITE ANALYSIS OF EROSION AND ACCRETION
Thirteen profiles were measured for each of the 17
sites (Appendix A ) .

Profiles measured during the first

and last periods (August, 1971» and July, 1972) were
compared to determine the total horizontal "bluff or
terrace recession.

Also, cross-sectional areas were

measured with a planimeter to determine the amount of
net accretion or erosion of the "beaches and/or terraces
during the study period.

Beaches showing a net accumula

tion of material at the end of the final profile were not
necessarily accretional over the entire study period, nor
were those "beaches which showed a net loss of material at
the end of the profile necessarily subject to erosion
during the entire study period.

Profiles of these sites

showed a beach erosional period during fall and an accre
tional period during late spring with landward movement of
lake sediments— winter and summer beach cycle— except
Location 5 (Summit Township Park).
The following discussion briefly states the morpho
logic changes and conditions found at the end of the
study period for all sites:
CERC-1
The coastal composition at Location 1 is chiefly
low lying dunes.

A total of 10 feet (98 sq.ft.) were

lost from the terrace.

All erosion took place during
4-1

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

kz

the fall storm period in November and December (Table 3).
Net erosion to the beach of ^ square feet was computed
(Table *0 .

A cobble ridge and runnel feature developed

after the spring melt and which remained through the
final profile.

This feature was stationary through spring

and suggests that little direct wave activity occurred
on the beach during this time period.
CBRC-2
A steep, unstable sand bluff extends over 250 feet
above the lake immediately behind the beach.
remained stable over the entire period.
able

The site

The only measur

change was accretion of k6 square feet of beach

material during late spring (Table

.

The localized

character of erosion is well illustrated at this site.
Two-hundred yards to the south of this site, extensive
erosion has caused the owner to dump junk cars over the
terrace, temporarily stablizing the bluff.
CERC-3
The coastal composition at Location 3 is a terrace
of beach and dune sands that rises 10 to 20 feet above
the lake.

The terrace at this site experienced 5 feet

of recession during the study period- -{T'able 3)»

Four

feet of terrace was lost during December and one foot
in July.

Beach and terrace erosion amount to 90 square

feet of sediment lost at this site (Table U-).
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CERC-l*
The coastal composition at Location 4 is active
dunes partially covered with vegetation.

This site was

the most dynamic of all sites monitored.

Dune and

beach erosion accounted for 516 square feet of sediment
loss over the study period (Tables 3 and
10 through 12).

and Figures

The most extensive period of erosion was

in spring (April through June, 1972) when 30 feet of
bluff recession occurred.

An additional 12 feet were

lost during the previous fall (September through Novem
ber) .

The reflection and refraction of waves off of a

metal breakwall located 100 yards to the north may be
responsible for concentrating wave energy and attack at
this site resulting in extreme erosion.
CERC-5
The area immediately behind the beach is comprised
of a low sand terrace.

Location 5 experienced accretion

of sand on a normally pebble and cobble beach through
April, 1972 (Figures 13 through 15) • A- 1- to-2 foot erosional scarp that formed by May persisted through the
final profiling period.

One foot of terrace recession

(8 sq.ft.) was measured in July and a net accumulation of
5k square feet were added to the beach (Tables 3 and *0 •
Davis (1972) suggested that the temporary accumulation may
be due to a shift in the normal littoral drift pattern
which shows a divergence at this site.

The accumulation
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7-72

8-71

20
EROSION

Figure 10,

Sediment prism showing total dune recession
during study period at Location k.

Figure 12.

Position of strand line at Location
^ on June 30» 1972. Migration of
strand line approximately 50 feet
landward since August, 1971.
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EROSION
NET ACCRETION

■Figure 13.

Sediment prisms showing net accumulation
and erosion during study period at
Location 5.
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^7

Figure 1^.

Steep cobble beach at Location
5 on August 2, 1971.

Figure 15.

Accumulation of approximately 2
feet of sand at Location 5 '°y
October 23* 1971.
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through April may be a result of this shift and a return
to the normal drift pattern after April resulting in the
elimination of sand as a source of beach sediment.
CERC-6
Location 6 has typically been very stable and often
showed an accretional beach during the previous year’s
study (Davis, 1971a)l

No erosion of the partially vege

tated dune was measured during this study, although, 126
square feet of beach material were lost during late spring
(Table 4).

The active nature of the dunes bordering this

site was evident from the accumulation of wind blown sands
around the permanent stake.
CERC-7
Location 7 is bordered by a heavily vegetated, low
sand terrace.

Five feet of terrace recession (44 sq.ft.)

occurred in December (Tables 3 and 4).

Beach accretion

started in late spring and continued through the final
profiling period resulting in 42 square feet of material
added to the beach (Table 4).

A welded sand bar observed

on the beach during the last visit accounted for much of
the accretion.
CERC-8
The coastal composition at Location 8 is dunes covered
with vegetation.

Dune erosion measured at this site (8 sq.

ft.) was attributed to slumping of dry sand from the dune.
Fifteen square feet of beach erosion was measured (Table 4).
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Stability of this site may be explained by the presence
of large concrete blocks about 100 feet to the north
which partially protect the beach from storm waves.
CERC-9
The area immediately behind the beach at Location
9 is comprised of a broad foredune terrace which is grass
covered and behind this are large stabilized dunes with
mature trees.

This site experienced 3 feet of terrace re

cession (3 0 sq.ft.) and 18 square feet of beach erosion
during the study period (Tables 3 and *0 . Erosion occurred
during November and December, and the site remained stable
for the remainder of the study.
CERC-10
Approximately 20 feet of wind blown sands overlie a
glacial till base at Location 10.

Two feet of dune reces

sion were measured during each of the time intervals Sep
tember, October, and November (Table 3)»

Beach and dune

erosion amounted to 148 square feet of material lost at
this site (Table 4).

The site remained stable after 3-to-

4 feet of clay till were exposed at the base of the dune.
Total volume of sand on the beach and immediately offshore
is small, for till was occasionally observed outcropping
5-10 feet lakeward of the plunge step.
CERC-11
The coastal composition at Location 11 is charac
terized as a low to medium sand terrace (up to 6 feet).
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A total of ^ feet of terrace recession (28 sq.ft.) and
30 square feet of beach erosion were measured during

December and January (Tables 3 and *0 •

Occasionally

large scale shoreline sinuousity was observed at the
vicinity of the profile site giving a somewhat mislead
ing beach width if the profile is used to typify the
immediate area.
CERC-12
Stabilized dunes with a typical foredune terrace
covered by grass characterize the coastal composition
in the general area of Location 12.

Erosion of the sand

terrace occurred during December and January, similar to
Location 11.

This time of year is characteristically one

of high energy just before ice cover.

Fifteen feet of

terrace recession ( 76 sq.ft.) were measured at this site
and late spring accretion resulted in 32 square feet of
material added to the beach (Tables 3 and 4-).

Location

12 experienced the second highest total amount of bluff
or terrace erosion measured during this study.
CERC-13
Glacial till bluffs rise approximately 35-to-^O feet
above lake-level at Location 13.
against these till bluffs.

The active beach abuts

This profile has been surveyed

since June, 1 9 6 8 , as part of another study (Davis, 1971b).
During that study period, 1968-1970, this location showed
an overall accretion to the beach; and during the 1970-

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

1971 period there was a slight net loss of beach sediment
(Davis, 1970; 1971b).

The site experienced 2 feet of

erosion at the base of the till bluff

sq.ft.) during

December in the present study (Tables 3 and *0;

The

greatest amount of beach accretion was measured at this
site— 76 square feet (Table ^).

The small amount of

erosion that occurred at this site is attributed to:
1) the resistant nature of a clay till to erosion and
2) the shoreline configuration.

The profile is located

on the northern side of a subtle protuberance of the
coast.

The north side is the upcurrent direction for

major storms which come out of the north-northwest.

This

area then serves as a zone of accumulation of sediment
eroded from areas to the north and transported to the
south (Davis, 1970).
CERC-1^
This profile is located at the base of a large blow
out in dunes that rise 200 feet above lake-level.

This

site has also been monitored since June, 1968 (Davis, 1971b).
During the first two years (1968-1970) there was more than
30 feet of erosion at this site.

During 1970-1972, this

site exhibited little change (Davis and Fingleton, 1972).
The only measurable erosion was primarily beach and slump
ing of dry sand from the foredune terrace (Table

.

However, extensive erosion was noted a few hundred yards
to the north and south of the site.
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CERC-15
The bluff at this site is composed of clayey till
and was quite stable until the spring thaw in 1972.
Subsequent to freezing during the fall, the bluff was
undercut approximately 5-6 feet.

Natural runoff and

seepage during spring resulted in extensive slumping of
the oversteepened bluff.

Bluff recession is not apparent

from the profiles, although slumping and beach erosion
resulted in 172 square feet of sediment displacement
(Table 4).
CERC-16
Location 16 was relatively stable during the present
study period with ^ square feet of sediment being lost
from the dune and *14 square feet lost from the beach
(Table *0 „

The coastal composition at this site is low

lying vegetated dunes, 9-12 feet high.

Extensive erosion

also occurred several hundred yards to the north and south
of the profile site.

Fox and Davis (1970) discussed the

nearshore erosion and deposition of sand during a single
storm at this site.

During this storm approximately 20

feet of dune was eroded over a three-day period.
CERC-17
The original profile at Location 17 traversed a low
sand terrace formed during a previous low lake-level
period in front of a clayey till bluff.

From the profiles,

total terrace recession amounted to 10 feet— 96 square
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feet (Tables 3 and 4).

Extensive erosion (8 ft.) occur

red in December and 2 feet in July, 1972.

Total amount

of terrace erosion at the profile site actually gives
the minimum amount experienced in the immediate vicinity.
A large tree stump, uncovered during December, prohibited
further erosion of the profile at the same rate as the
shoreline 5-6 feet to the north and south.

Five to six

feet of additional erosion occurred beyond the end of
the last profile taken at the site.

Further erosion

of the profile did not begin until the stump was under
cut and displaced by wave action.
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Table 3.

Amount of bluff or terrace recession (ft.) at each profile
site for each four-week interval during the study period.

of the copyright owner.

MONTH
SITE

8

8

9

10

1

11

12

6

”

1

2

3

^

5

6

7

2

Further reproduction

3
H-

prohibited without permission.

7

3

2

2

2

2

2

8

20

5
6
7

8
9
10
11

2

2

12

8

7

13
1^
15

16
17

8

Vj\

Table 4.

Total net beach and terrace erosion (-)
and/or accretion (+) in square feet for
all sites during study period.
TERRACE

BEACH

+

+

'SITE
1
2

98

3
4

60
4-90

5
6

8

7
8

44

9
10

30
14-0

11
12

28
76

32

13
14

4
34-*

76

15
16

126
Ij,*

17

96

4
46
30
26
54
126
42

8*

15
18
8
30

18
46
44
44

♦Terrace erosion attributed to slumping
of dry sand and not direct wave attack.
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ANALYSIS OF VARIABLES
Data were compiled on 12 variables during this study.
Answers to two questions were sought through a statis
tical analysis of these variables.

These are:

1) What factors are related to the process of shore
erosion and can these be identified?
2) Is it possible to describe or measure the nature
and/or strength of these relationships?
For purposes of analysis, the 12 variables were divided
into three major variable types. Assignment of the var
iables to a particular variable type was based on whether
it changed from site to site and month to month, or only
site to site, or only month to month.

These categories

are referred to as Variable Type I , Variable Type I I , and
Variable Type III, respectively.
Due to the large time interval (4 weeks) between
profiling periods, the variables are limited to those
which do not require continuous monitoring or for which
records could be obtained for all sites.
Discussion of Variable Types
Variable Type I includes those that can change from
site to site and month to month.
cluded in this type:

Five variables are in

1) amount of bluff or terrace ero

sion, 2) foreshore mean grain size, 3) fetch, *0 foreshore

56
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composition, and 5) wave orientation.

The amount of fetch

at each site for each month was measured along the result
ant wind azimuth computed from the highest average monthly
wind speed.

Composition of the foreshore zone at each

site was categorized each month according to its homo
geneity or heterogeneity of grain sizes.
tional groups were established:

Five composi

l) sand, 2) sand and peb

bles, 3) sand, pebbles, and cobbles, 4) pebbles, and 5)
pebbles and cobbles.

Sediment size classes are according

to Wentworth's scale (Folk, 1968).

Wave orientation refers

to the angle at which a wave approaches a site according
to the shoreline orientation and a given wind azimuth.
Values for wave orientation range from zero degrees for
a wind direction paralleling the shore orientation to a
maximum of 90 ° for a wind blowing perpendicular to the
shore.

Specific monthly values of wave orientation for

each site were generated by the computer using individual
site orientations and monthly wind directions.
Variable Type II includes those variables which change
from site to site, but not from month to month.

These

include shoreline orientation and coastal composition of
each site.

Shore orientation of profile sites range from

NiJ'3BE at Location 17 to N25°W at Location 9.

Coastal

compositions are based on the nature of the bluff, terrace,
or dime immediately behind the backshore zone at each site.
These include stablized dunes, sand terraces and lacustrine
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deposits, active dunes, till bluffs, and bluffs of till
capped with aeolian sand.
Variable Type III includes variables that can change
from month to month, but not site to site.
are included in this type:

Five variables

1) wind speed, 2) wind direc

tion, 3) lake level, *0 number of low pressure systems,
and 5) month.

As stated above, wind speed and direction

had to be obtained from one source thus the same monthly
wind speed and direction had to be assumed for all sites.
Wind directions were based on the azimuth for the direc
tion from which the wind was blowing.

Mean monthly lake

levels were obtained from the U. S. Lake Survey records
at Holland, Michigan, and assumed to be the same for all
sites disregarding minor or local variations.

The number

of monthly low pressure systems crossing Lake Michigan were
obtained by counting the systems which passed through an
area bounded by latitudes ^1® - ^7°N and longitudes 83°90°W.

The month refers to the specific time interval for

which profiles were measured.
Statistical Analysis of Variable Types
The criterion used to define each variable type re
quires individual treatment of each to properly assess
its relationship with erosion.
utilized in this evaluation.

Two statistical tests were
Multivariate analysis of co-

variance using beach erosion as the criterion variable was
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run for Variable Type I.

Simple linear correlations of

the total erosion for each site (T1 , ......* T17^ over "t*16
study period were run with shore orientation and coastal
composition to test Variable Type II.

Variable Type III

was also tested using linear correlations, but erosion
rates were defined as total monthly averages over all sites
(ju^, ..... .

j^ j ).

Two months, February and March, were

deleted due to ice cover.
Multivariate analysis of covariance
Multivariate analysis of covariance (MANCO) was run
by Sam Anema and Michael Stoline, Computer Center,
Western Michigan University.

The analysis was rim to

indicate if the covariates (mean grain size, fetch, fore
shore composition, and wave orientation) are systematically
related to the erosion process.

For a reliable inter

pretation of results from this test, the variance of mean
monthly amounts of erosion (u^, .....

ave^aged over

all sites, and total erosion rates between individual sites
(T^, ....... T ^ ) must show that a significant difference
does exist and the respective amounts are not equal,
(u^,*............ 311(1

*

The ProSram

then estimates the ad .justed mean amounts of monthly erosion,
ad j .

.... ad j.

^,

which have eliminated the effect of the covariates on the
dependent variable (erosion amounts).

The hypothesis that
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adjusted monthly amounts of erosion are equal can then he
tested, i.e.,
H Q : adj. u1=

• • • •

=adj. u11

the acceptance of which suggests that the covariates in
the model are systematically related to erosion.

These

covariates could then he tested through a multiple re
gression program to measure individual and group relation
ships.
As stated ahove, the acceptance of the ahove hypo
thesis (Hq) depends on whether significant differences exist
between mean monthly erosion amounts (J) and total erosion
amounts at each site (I),

Through analysis of variance, included in this program,
these two hypotheses were also tested.

Significant dif

ferences in erosion rates would he shown hy obtaining
sufficiently high F-level values for J and I.

Using a

standard F-distrihution table, a F value of 2.82 for J
and 2.4-9 for I, would give a 95 percent confidence level
that real differences in erosion rates exist and the ahove
hypotheses (Hj and Hj) would he accepted.

The analysis

of variance test shows that hypothesis Hj is acceptable,
hut hypothesis Hj is not acceptable at the 95 percent level
(Table 5)•

No statistical difference can he shown to exist

between mean monthly erosion amounts for the study period.
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•Table 5.

Analysis of variance for average monthly
erosion rates for all months and total
erosion amounts for each site to test
hypotheses I and J.
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DEGREES OF
FREEDOM

MEAN
SQUARE

F

56.732

1

56.732

16.07

I

152.812

16

9.550

2.70

2.^2

J

6*1-.855

10

6A 85

1.83

2,82

SOURCE
MEAN

SUM OF
SQUARES

F NEEDED FOR
ACCEPTANCE
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The original premise that monthly rates are not equal is
invalid, thus further analysis of the covariates would
not produce statistically realiable results.

Further

explanation of why this occurred is presented in the
discussion of data analysis.
Linear correlations
With the rejection of multivariate analysis of covariance as a meaningful method of determining systematic
relationships, simple linear correlations (Library Program
# 1.2.1) were run to measure the relationship between two
random variables X and Y.

The linear correlation coef

ficient is denoted by "r" which can range from +1.0 to
-1.0.

A high positive "r" means that X varies directly

with Y ; a high negative "r" indicates that X varies in
versely with Y.
Linear correlations were run collectively between all
observations (187) for all variables (11), and for the
variables within Variable Type I, II, and III, respec
tively.

The correlation matrix for all random variable-

pairs shows few meaningful correlation coefficients (r)
that may be used in describing process-response relation
ships along the entire study area (Table 6).

An acceptable

correlation coefficient, with 185 degrees of freedom, for
this correlation is 0.1^5, giving a 95 percent confidence
level.

No variables were found to correlate well with
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Table 6
Correlation matrix for all observations and variables

of the copyright owner.

EROSION
SHORE
ORIENT.
COASTAL
COMP.
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LAKE
LEVEL
NO. OF
LOWS
FETCH
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WIND
SPEED

X1

X2

X3

X4

X5

X6

X7

X8

X9

X 10

x2

-0.03

1.00

x3

0,01

0.06

1.00

x4

-0.07

0.00

0,00

1.00

0.09

0,00

0.00

-0.42

1.00

-0.01

0.15

-0.03

-0,18

0.02

1.00

0.04

0,00

0,00

-0.89

0.40

0.37

1.00

-0.02

-0.34

-0,02

0.00

0.06

-0.03

0.03

1.00

0.10

0,00

0.00

0.30

-0.07

-0.15

-0.13

0.03

1.00

0,00

0.02

-0,02

0.13

0.03

0.15

-0 . 2 5

-0,11

1.00

0.00

0,00

-0.22

0,00

0.59

0.53

0.03

-0.05

-0.01

X5
x6
x7

FORESHORE
COMP.
x8
MONTH

X1
1.00

Xq

MEAN GRAIN
SIZE
X1Q 0 , 0 6
WIND
DIRECT.
XU -0.07

xu

1.00

CK

6k

erosion rates and little relationship is shown between
erosion rates and month of the year.

Expected relation

ships were found between lower lake-levels in late fall
and higher wind-speeds associated with fall storms, and
lake level-fluctuations with the various months.
Predominating wind directions from the northwesterly
sectors were indicated by a good correlation (0.53)
between wind direction and wind speeuj although no sig
nificant correlation was found between wind speed or
direction and erosion (Table 6).
Type II variables change spatially and not temporally,
thus correlations were run using total erosion amounts
for each site over the study period with shore orienta
tion and coastal composition. No relationships can be
shown from the correlation matrix (Table 7).
Type III variables vary with time so that an average
erosion rate for each month was correlated with wind
speed, wind direction, lake level, number of low pres
sure cells, and the month.

Similar relationships were

found as in the overall correlation between wind speed
and direction, and increasing wind speed associated with
lower lake-levels in the late fall.

Although, no direct

relationship was found between the values entered for the
months (8, 8, 9, ...., and 7) and associated wind speeds
(Table 8).
Variable Type I changes both in time and space thus
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Table 7.

Correlation matrix for Variable Type II.

X±
EROSION

X1

1.00

SHORE
ORIENT.
COASTAL
COMP.

X2

-0.64

Table 8.

EROSION
WIND
SPEED
WIND
DIRECT.
LAKE
LEVEL
NO. OF
LOWS
MONTH

X3

x2

X.

.00

-0.03

Correlation matrix for Variable Type III.

X4

X1
1.00

X2

0.18

1.00

-0.27

0.48

1.00

-0.29

-0.89

-0 . 1 6

1.00

X5

0.35

0.40

-0 . 0 5

-0.43

X6

0.35

-0.18

0.04

0.36

X1
X2
X3

X3

x5

X6

1.00
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the respective correlation coefficients "between these
variables are found in the first correlation matrix of
all observations and variables (Table 6).

Wave orienta

tion was deleted from the correlation because it was
generated by the computer and specific values were not
attainable.

Again, no correlations with significant "r"

values were found between rates of erosion and other Type
I variables.
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DISCUSSION OF DATA ANALYSIS
Determination of specific erosional patterns as to
the locations and shore orientations of profile sites
is not possible from the data collected and analyzed
during this study.

For example, three successive loca

tions (3t 4, and 5) showed wide variations in the amount of
erosion measured; Location 3 (Manistee) experienced 4 feet
of erosion, Location 4 (Big Sable Point) experienced 42
feet, and Location 5 (Summit Township Park) experienced
1 foot.

Sites with like or similar shore orientations

also show wide variations; Location 1 (N13E) experienced
10 feet, Location 2 (N5E) experienced no erosion,

Location

4 (N7E) experienced 42 feet, and Location 6 (N7E) ex
perienced no erosion.

Considering such variation,

attention must be paid to the effect of man-made struc
tures and coastal composition on erosion.

Although

attempts were made to avoid artifical structures, it
proved very difficult to establish such an extensive net
work of locations without any interference from these
features.

As stated above, the severe erosion at Location

4 may be attributed to the affect of a metal breakwall,
although specific data on this is not available.

Given

similar energy conditions, beach widths, beach materials,
and offshore topography, a coastal composition of loose

67
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unconsolidated sand would be expected to erode faster
than glacial till because of the cohesive quality of
clay.
Fox and Davis (1970), and Brater and Seibel (1971)
suggested that severe, and even singular storms, result
in the most extensive erosion along the coastline.
Comparison of erosion amounts, average highest wind speeds,
and total number of storm days during this study period
support this idea (Figure 9).
Seibel (1972) graphically demonstrated that the number
of low pressure cells passing through the Lake Michigan
area has little bearing on erosion rates.

The low

correlation (0.35) found in this study between erosion
rates and number of low pressure cells supports Seibel’s
conclusion.
Statistical analysis of 12 variables proved to be of
no help in identifying factors related to the process of
shore erosion.

Inability to statistically demonstrate mean

monthly erosion amounts were significantly different pro
hibited any attempt at identifying these factors through
multivariate analysis of covariance.

The occurence of 20

feet of erosion in May, 1972, at Location k accounted for
all the erosion measured along the coast for that study
period.

It is believed that this introduced too much

variability in May as compared to other spring monthly
values, and because of this great variability it was impos-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

69
sible to demonstrate a significant monthly difference
throughout the year.
Many of the variables investigated (wind speed, fetch,
lake level, and time of year) certainly relate to erosion.
Graphic comparison of episodes of erosion and months show
the most severe erosion in late fall and spring (Figure 9).
No explanation can be given to explain the failure to
obtain even a simple statistical correlation between these
two parameters.

The low negative correlation between lake

level and erosion is explained as the result of seasonal
fluctuations in lake level.

The negative value indicates

that most erosion occurs in late fall and early winter
when lake level is at its yearly minimun.

The low cor

relation coefficient results from the discrepency found
between increasing erosion rates during a minimun lake
level, on one hand, and resumption of erosion in late
spring when lake level is rising, on the other.
Failure to obtain significant correlations between
wind speed or fetch and erosion rates is the result of the
method of collecting data.

The same highest average wind

speeds and directions had to be assumed for all sites
because consistent data were available only from one
source.

An isolated storm and associated winds affecting

a limited area along the coast may not have been repre
sented in the data received from Muskegon.

Also, open-

water fetch was determined directly from the resultant

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

direction of the highest average wind speed.

Resultant

directions were assumed to he the same for all sites for
a given month, thus fetch amounts were biased by this
assumption.

For example, during May, twenty feet of erosion

were measured at Location

This amount had to be cor

related with an average wind speed of 11.1 miles per hour
(lowest of any month) and a wind azimuth of ^8 degrees
(blowing offshore) which would result in zero open-water
fetch.

Certainly, meteorologic conditions were operat

ing at this site which were not represented in the data.
Additional data are needed on the offshore topog
raphy within the study area.

Monitoring of sand bar

locations and migration during various energy conditions,
and quantitative data concerning the manner in which sand
bars effect wave energy would greatly facilitate similar
studies of this type.
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SEDIMENT ANALYSIS
A primary objective of this study was to determine
if any relationships between mean grain size and beach
slope were evident.

Bascom (1951) and Shepard (1963)

discussed the tendency for stable beaches to exhibit mean
grain size - beach slope relationships—

steep beaches to

be composed of coarse sediments and gently sloping beaches
of fine sediments.

Because of the dynamic nature of most

beaches along eastern Lake Michigan, little agreement with
this relationship has been found thus far (Hulsey, 1962;
Coleman, 1969» and Davis, 1971a).

For the present study,

the sediment samples collected in the foreshore zone were
analyzed for mean grain size on the RSA and these values
compared to their respective foreshore slopes.

Foreshore

slopes in the study area were generally steepest (10-12
degrees) during periods of active erosion and bar mi
gration onto the foreshore, and flattest during periods
of stability.
Two methods were employed to determine if any re
lationships exist between foreshore mean grain size and
foreshore slope.

First, a scatter diagram was plotted

for each location with points corresponding to particular
mean grain sizes and the respective slopes.

Second, a

linear correlation program was run to measure the relation-
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ships between mean grain size and slope.

The Pearson

product-moment method was selected for linear correla
tions (Guilford, 1956).

Calculations are in the form of

a coefficient of correlations (r) matrix.

Each coef

ficient measures the degree of association between two
random variables.

In most cases, the correlation coef

ficients show a low strength of relationship between fore
shore mean grain size and foreshore slope in this study
(Table 9).
points.

Scatter diagrams show a random scattering of

Correlations were generally too low to warrent

further testing to determine significant levels for each
coefficient value.

The following verbal description of

coefficients (r) is presented so that a general orien
tation and strength of relationships between mean grain
size and slope can be roughly described for various "r"
values (Guilford, 1956; p. 14-5):
Less than 0.20 ..... Slight relationship
0.20-0.4-0...... Low correlation
0.4-0-0.70 ...... Moderate correlation
0.70-0.90 ...... High correlation
0.90-1.00 ..... . Very high correlation
Location 5 (Summit Township Park) and Location 16
(Stevensville) are the only sites to show a high positive
relationship of slope versus mean grain size.

The cor

relation coefficient for Location 5 (0.779) was found
significant at the 0.01 level, meaning that in 99 chances
out of a 100 that a real relationship exists between mean
grain size and slope.

The coefficient for Location 16
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Table 9

Correlation coefficients for foreshore
mean grain size and foreshore slope for
all sites.

LOCATION
1
2
3
4-

CORRELATION
COEFFICIENT
0.532
-0.4-07
-0.4-02
0.4-39

5
6

0.779*
0 .2 2 3

7
8

0.04-0
-0.64-9

9
10

0.235
0.621

11
•12

-0.085

13
1415
16
17

0.4-25
0.285
-0.934-*
-0.027
0.719*
0.339

♦Significant correlations
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7^
(0.719) was significant to the 0.05 level.

Although, it

is difficult to see the positive relationship in the
respective scatter diagrams without running regression
lines (Figure 1 6 ).

Location 5 was generally accretional

and maintained a wide "beach throughout the study period.
Location 16 was generally stable and a wide beach was also
present throughout the study.

This suggests a general

agreement, for two locations along eastern Lake Michigan,
with Bascom’s and Shepard’s mean grain size- slope re
lationships.
Location 1^ (Van Buren State Park) shows a very high
negative correlation (-0 .93*0 of foreshore slope and mean
grain size which is significant to the 0.01 level.

This

suggests that there is a strong tendency for gentle slopes
to be composed of coarse sediments at this site.

Location

1 ^ was characterized as stable and maintained a wide beach

also.
Location 8 (Duck Lake) shows a moderate negative
correlation (-0.6^9) and Location 10 (Buchannan St.)
a moderate positive correlation (0 .6 2 1 ); although these
values are not

significant beyond the 0 .1 0 level.

Beach sediments are generally well sorted, finemedium sand, and slightly positive skewed.

Sorting values

are less than 0.30 phi units (Folk, 1 9 6 8 ).

Mean grain size

of beach sediments range from 1.26 phi to 2.^0 phi.

There

is the expected relationship between mean grain size and
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Figure 16.

Scatter diagrams of foreshore mean grain
. and foreshore slope for Locations 5 and 16.
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sorting with coarser sediments being less sorted than
finer sediments.

Generally, sands show a symmetrical

or slightly fine skewed curve with few coarsely skewed
sediments.
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SUMMARY AND CONCLUSIONS
Erosion rates along eastern Lake Michigan are
extremely variable in both time and space.

This study

was limited to only one year's observations (August, 1971
to.July, 1972) taken at 4 week intervals.

The type of

process and response variables investigated were limited
because of this long time interval.

The magnitude and

effects of several short-term processes (wave height,
longshore current velocity, etc.) may not have been evident
from observations and measurements taken at such large
intervals.
Of the 12 variables statistically analyzed, none
was shown to be related to the process of shoreline erosion.
Failure to statistically demonstrate that mean monthly
erosion amounts were significantly different plus obtain
ing wind data from only one source, resulting in the lack
of control of localized meteorologic conditions, explains
the low correlations.

The localized occurence of erosion

is emphasized as a deterrent to making specific predic
tions about coastal erosion rates over a given area.
Continuous monitoring of each site or establishment of
reliable recording stations along the coast as a source
of wind speeds and directions would eliminate these dif
ficulties and probably yield more conclusions.
High lake-levels play a permissive role in erosion,
*77
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allowing for direct wave attack on the bluff or terrace.
Area-wide erosion occurs with severe and even singular
storms when storm conditions exist uniformily over the
study area.

No relationship was found between erosion

rates and number of low pressure cells passing through
the Lake Michigan area.
Specific erosional patterns for locations and shore
orientations of sites could not be defined because of the
localized character of erosion.
Most of the beaches investigated were unstable thus
little support was evident for Bascom's (1951) mean grain
size-slope relationship.

Two sites (5 and 16) show the

only positive statistical correlation of grain size versus
slope.

Location 1^ showed a negative relationship— finer

sediments associated with steeper slopes and coarser sed
iments with gentler slopes.

The majority of sites showed

a random scattering of points on scatter diagrams and low
statistical correlations.

Future studies on this topic

should consider the energy imparted on the beach and the
response of sediments to varying energy conditions.
A limited area study with more frequent monitoring
intervals is suggested for future studies of erosion along
eastern Lake Michigan.

The erosion process is so com

plex and variable that few quantitative results were attain
able over such a large area as attempted in this study.
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APPENDIX SITE PROFILES
Profiles measured for all sites during study period.
Also, the collection points for sediment samples are noted.
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